Five dogs euthanatized because of refractory seizures were found to have hematopoietic elements in the interstitium of the choroid plexus at the level of the fourth ventricle. None of the dogs had significant hematologic or cerebrospinal fluid abnormalities. The extramedullary hematopoiesis was confined to the central nervous system and consisted of megakaryocytes, immature granulocytes, and rubricytes in two dogs and of one predominant cell population in each of the other three dogs. These findings are unique, and factors possibly contributing to the formation of a hematopoietic inductive microenvironment in the choroid plexus are cytokine neurokine homologies, locally altered vascular supply, and aberrant functioning of bone marrow-derived central nervous system macrophages.
In the mature animal, homeostatic hematopoiesis is confined to the marrow cavity of the flat bones and the epiphysis of long bones9 Induction of hematopoietic activity at extramedullary sites may occur due to primary bone marrow failure associated with myeloproliferative diseases or myelofibrosis or due to hematologic disorders reflecting an increased demand for mature blood elements. The organs of the reticuloendothelial system are the sites most frequently involved. However, extramedullary hematopoiesis in the kidney, meninges, and lung has also been observed. The following report describes hematopoiesis in the choroid plexus of five dogs euthanatized because of intractable seizure activity. Dog No. 1, a 2.5-year-old female Cocker Spaniel dog, was presented for evaluation of abnormal behavior and seizure activity progressing over a period of 3 months. Results of general physical and neurologic examinations were normal except for bilateral mildly delayed menace responses. Hematologic evaluation disclosed a mild lymphocytosis consisting of morphologically mature, small lymphocytes ( Table  1) . Biochemical parameters were within reference limits. Examination of the cerebrospinal fluid (CSF) collected from the cerebellomedullary cistern showed no abnormalities (Table   2 ). A diagnosis of epilepsy secondary to a functional disorder or to an encephalopathy was established and phenobarbital therapy was initiated. Although potassium bromide (IU3r) was added after 4 weeks, there was no improvement in seizure activity and the dog was euthanatized 3 months after initial presentation.
The second dog was a 2.5-month-old male Dalmatian dog with seizures that progressed over a period of 4 days despite immediate therapy with phenobarbital. The animal was vac-cinated and had been dewormed three times. General physical and neurologic examinations were normal except for bilateral absence of menace responses. On hematologic evaluation, a mild lymphocytosis and a moderate anemia with a mild increase in the number of polychromatophilic cells were noted (Table 1 ). There were no abnormal biochemical analytes. Analysis of cisternal CSF disclosed a moderate nonsuppurative inflammation with a predominance of highly vacuolated macrophages ( Table 2 ). Because the clinical differential diagnoses of infectious encephalitis or cerebral degeneration in a dog of this age carried a poor prognosis, the animal was euthanatized. Dog No. 3, a 1.5-year-old neutered male Dalmatian dog, was referred for evaluation of emaciation, anorexia, vomiting, and diarrhea. Concurrent seizure activity had been noted for the preceding 4 months. Abnormal clinical findings were severe emaciation and dehydration. Laboratory evaluation revealed mild hypoproteinemia, hypocalcemia, and urinary calcium oxalate and ammonium biurate crystals. Hematologic findings were within reference ranges ( 
and addition of KBr and dexamethasone yielded no improvement. Relevant laboratory findings consisted of mild hyperglycemia and a mild leukocytosis due to a mature neutrophilia ( Table 1) . CSF analysis disclosed blood contamination and several small clumps of meningeal cells ( Table  2 ). Based on clinical examination and magnetic resonance imaging, a diagnosis of genetic epilepsy was established, and euthanasia was elected. Dog No. 5, a 10-month-old female Miniature Schnauzer, presented with a history of abnormal behavior since birth and severe seizures during the preceding 4 months. Bilaterally poor menace response yielded a tentative diagnosis of thalamocortical disease. The dog had been unresponsive to phenobarbital, KBr, and diazepam therapy. Hematologic findings were unremarkable except for a mild lymphocytosis (Table l) , but several liver enzymes were moderately elevated (gamma glutamyltransaminase = 26 IU/liter; glutamate dehydrogenase = 10 IU/L). CSF examination showed a mild pleocytosis consisting predominantly of vacuolated macrophages (Table 2 ). Euthanasia was elected due to poor prognosis.
All dogs were necropsied within 1 hour of euthanasia. Brain and sections of other routinely sampled organs were collected and fixed by immersion in 10% phosphate-buffered formalin for 3 days. All tissues were routinely processed, embedded in paraffin, cut into 5-pm-thick sections, and stained with hematoxylin and eosin (HE). In all dogs, nine coronal sections of the brain from the frontal cortex, basal nuclei, rostra1 thalamus with basal nuclei, thalamus, medial geniculate nuclei, occipital cortex, cerebellum with peduncles, caudal cerebellum, and obex were examined with a light microscope.
At necropsy, all dogs except No. 3 were in good body condition, and no gross abnormalities were noted. In dog No. 1, except for moderate hepatic congestion and irregularly thickened renal glomerular basement membranes, the histopathologic findings were confined to the central nervous system (CNS). Small individual foci of gliosis were identified in the white matter of the parietal cortex, external capsule, and cerebellar folium. Two small islands of ectopic gray matter were present in the white matter of the temporal cortex. Mild reactive astrogliosis was present diffusely in the white matter of the cortex, diencephalon, cerebellum, and brain stem. Low numbers of macrophages were scattered in the leptomeninges around the caudal medulla. A large area of hematopoietic tissue consisting of rubricytes, megakaryocytes, and immature granulocytes with indented nuclei was identified in the choroid plexus of the fourth ventricle ( Fig. Histopathologic findings in dog No. 2 were restricted to the nervous system. Several small foci of gliosis were noted in the gray matter of the frontal and temporal cortex and in the deep cerebellar white matter. An area of ectopic gray matter was present in the white matter subjacent to the temporal cortex. There was occasional glial necrosis in the white matter of the frontal, parietal, and temporal cortex. Diffuse, moderate astrocytic reaction was apparent in the cortical, subcortical, cerebellar, and lower brain stem white matter. In the interstitium of the choroid plexus of the fourth ventricle, there were several large foci of hematopoietic tissue composed of rubricytes, megakaryocytes, and granulocytic precursors including myelocytes, metamyelocytes, and band neutrophils (Fig. 2) .
Extraneural lesions in dog No. 3 were restricted to scattered 1 )- white matter of the frontal cortex, the internal capsule, and the substantia nigra. The temporal cortex had several ectopic islands of gray matter. Immature myelocytic cells, ranging from myeloblasts to band neutrophils, and scattered rubricytes were present in the stroma of the choroid plexus of the fourth ventricle.
Microscopic examination of tissues from dog No. 5 revealed multifocal small areas of hepatic necrosis with neutrophilic infiltration. Small foci of gliosis were identified in the internal capsule, the white matter of the parietal and occipital cortex, and the deep cerebellar white matter. Numerous mature and immature megakaryocytes and several granulocytic precursor cells were present in the choroid plexus adjacent to the fourth ventricle.
CSF analysis for dog No. 2 reflected inflammation possibly related to the glial foci of necrosis. Hematopoietic cells not noted in samples of cerebrospinal fluid from any of the five dogs. Bone marrow cells have been identified in a spinal fluid sample collected from the lumbar spinal region of a dog, but the cells were considered contaminants from inadvertent vertebral body penetration.) In a case of lymphocytic leukemia in a dog, there was marked leukocytosis with microvascular aggregation and accumulation of neoplastic cells in the capillaries of the choroid plexus; however, no neoplastic cells were identified in the CSF. 2 Hematopoietic tissue in the choroid plexus in this series of dogs is a unique finding.' The dogs described here were euthanatized because of poorly controlled seizure activity, and a detailed examination of the CNS was performed as part of an ongoing clinicopathologic investigation of canine epilepsy. Bone marrow was not available for retrospective analysis. However, unremarkable hematologic findings and the absence of extramedullary hematopoiesis in other organs precluded a diagnosis of hematologic disease or medullary failure. The microcytic anemia in dog No. 2 was considered compatible with iron deficiency and intestinal parasitism in a young dog, although parasites were not identified at necropsy. The hematopoietic tissue in the CNS did not encompass platelet clumps or fibrin strands, as might be observed with marrow thrombi resulting from trauma. There was no evidence of adjacent osseous metaplasia or involvement of the leptomeninges.
The choroid plexus is a unique site for extramedullary hematopoiesis. Extreme demands for red cell production due to hemoglobinopathy in human patients frequently induce extensive hematopoiesis in unusual however, only one report contains a description of involvement of the choroid plexus as one of many organs affe~ted.~ There are no descriptions of hematopoiesis in the choroid plexus in the absence of extreme hematopoietic stress. The inductive microenvironment for the formation of blood elements is thought to be comprised of macrophages, fibroblasts, endothelial cells, and appropriate growth factor^.^ Provision of these cellular elements and the reportedly notable sequence and structure homology between neuropoietic and hematopoietic cytokines' in combination with locally altered neural tissue architecture and vascular supply might provide for an extramedullary hematopoietic inductive environment as seen in these cases of refractory seizures. Further, recent demonstration of the bone marrow derivation of perivascular macrophages in the CNS and resident macrophages in the peripheral nervous system suggests that these macrophages may still have the potential to support local hematopoiesis. lo Notwithstanding, although the precise inciting cause for hematopoiesis in the choroid plexus of this series of dogs is unknown, one fifth of the examined population of seizuring dogs has hematopoietic elements in the choroid plexus at the level of the fourth ventricle, and these findings may be associated with the refractory nature of the seizure disorder.
